Iron is one of the most common elements in the Earth's crust, which corresponds to it being a common constituent in drinking water supplies. Residents of Bithlo, an unincorporated community in Control and Prevention was exceeded in 38.6% of untreated residences. Community-wide statistical and spatial water-quality trends were developed by combining the collected well water quality data with historically available water quality reports. Spatial analyses revealed that greater than 99% of the Bithlo community's private household supplies would exceed the EPA's drinking water secondary standard.
INTRODUCTION
Iron comprises approximately 3.5 to 5% of the Earth's crust, making it one of the most plentiful elements ( Iron is most commonly found in two oxidative states: ferrous or Fe 2þ (reduced and water soluble) and ferric or Fe 3þ (oxidized and much less water soluble). Iron-reducing microbes reduce ferric iron to the ferrous form when water saturates soil and underlying geologic strata, or when oxygen is depleted in other ways (Chapelle ) . Furthermore, as rainwater percolates through soil and underlying sediments, it dissolves and transports iron into the groundwater supply (Katz et al. ) . Iron solubility is greatly influenced by the biotic, soil, and substrate characteristics of an area (Valcarce & Townsend ) . Thus, iron concentrations in groundwater vary greatly depending on pH and alkalinity, typically with levels ranging from 0.05 mg/L to 10 mg/L, or even up to 50 mg/L (WHO ).
The US Environmental Protection Agency (EPA) has established National Secondary Drinking Water Regulations that set non-mandatory water-quality standards for several contaminants, and were established as guidelines to assist public water systems in managing their drinking water for aesthetic considerations, such as taste, color, and odor (EPA ). Although the EPA does not enforce these secondary maximum contaminant levels (SMCLs), the state of Florida enforces SMCLs per Florida Administrative Code (F.A.C. Chapter 62-550.320). Iron is generally believed not to present a health concern in drinking water, but when iron concentrations reach the EPA secondary threshold of 0.3 mg/L, humans can detect a 'metallic' taste.
There are many alternatives available that can be employed to solve an iron problem in groundwater required for potabilization. Treatment options may include the use of oxidizing filters, cation exchange systems, or water softeners, and depend on water quality and cost. Although the use of a sequesterant chemical (such as polyphosphates)
has been employed to treat for iron, this method does not remove iron from the water. Reverse osmosis and pressure aeration/filtration are also recognized as applicable methods to treat for iron; however, these processes are expensive and require continual monitoring, and maintenance). In lieu of treatment, options could include the construction of a new well, eliminating the need for treatment, or (depending on local conditions) the extension of an existing well casing deeper into the aquifer to obtain a better quality water. However, these methods could prove costly for individual residences.
In addition to the staining of fabrics and plumbing fixtures, the staining of teeth by iron has been reported. This work aims to be one of the first community-wide spatial scale analyses of groundwater focused on iron concentrations in household private-well supplies in Florida.
A major goal of the research was to use a geo-referenced database to conduct community-wide statistical and spatial iron-concentration analyses regarding Bithlo, FL.
METHODS

Study area
Bithlo ( Whereas household water-quality results were in separate files, the individual records acquired were combined into a single geo-referenced database. This collection of water-quality reports formed the basis of an analytical, community-wide, and cross-sectional spatial layer for statistical and spatial analyses. It is noted that complaints or reports of metallic taste and staining issues do not necessarily indicate a systemic iron problem throughout Bithlo, as these issues could also be the result of corroded well housings due to age and environmental conditions.
Treated vs untreated water samples
Treated refers to collected water samples that had first passed through some type of filtering or purification system, which residents had in their homes. Untreated refers to collected water samples that had not passed through some type of filtering or purification system in the household where data had been collected and relied on in this work.
Geodatabase and geocoding
A single geo-referenced database was created using individual water-quality reports acquired in digital form from
Orange County EPD and transcribed into a single database.
This database included iron-concentration records from both untreated and treated samples in conjunction with the household address associated with each sample. Then, each location from which iron was tested was geocoded by address (ArcGIS 10.1 geocode tool, centroids along roads); specific points are not displayed for security and privacy purposes. These geocoded locations served as proxies for well locations. It was estimated that these proxy locations averaged less than 60 m from the wellheads, and this was reasonable because the average distance between geocoded locations was over 120 m.
Statistical analyses and surface interpolation
To assess community-wide patterns of groundwater, iron concentration averages, medians, standard deviations, 95%
confidence intervals and ranges for treated, untreated and combined treated and untreated samples were determined.
Furthermore, spatial autocorrelation analysis (Incremental autocorrelation) on the untreated sample concentrations and geographic coordinates were also conducted.
One of the analytical benefits of having a geocoded, statistically based dataset is that geographic point data can be interpolated into surfaces (Butler ; Jones ). Surface interpolation from point data generalize information from specific locations into broader spatial trends ( Jones ).
Ordinary kriging is the surface-modeling technique to apply when the study area exhibits a high degree of geological and topographical isotropy ( 
RESULTS
The overall iron concentrations ranged from below detect- lower as compared to the untreated samples' average (Table 1) . Nevertheless, almost 40% of treated samples exceeded the EPA secondary standard (Table 1) . Third, the range of iron concentrations detected in the untreated samples varied by three orders of magnitude (Table 1) .
The results of the incremental autocorrelation analysis indicate that untreated well-water iron concentrations
were not spatially autocorrelated as no 25 m increment Pvalue result was less than 0.142 (20 bands, starting at 150 m, ArcGIS 10.1). We started at 150 m because the average distance between wells was over 120 m. The bestfit modeling resulted in a relatively broad 'neighborhood' of nearest neighbors. This is because of (1) the relatively large number of nearest neighbors needed to capture the great variation of iron concentrations found across the study area and (2) the geocoded well locations were not evenly distributed.
The cross-validation results of the best-fit kriged surface were determined to be a mean prediction error of À0.0002, a standardized root mean square of 1.008, and an average standard error of 3.84 (ArcGIS 10.1 cross-validation comparison). These results indicate a good fit. The results of kriging in ArcGIS produce a geo-referenced, probability surface map. The surface is displayed as a series of isopleths of different attribute values ranging across a study area. Each contour represents a statistically significant probability that the attribute of interest would be expected to occur with the calculated (from the point data) magnitude. , of which less than 0.1% (5,000 m 2 ) was predicted to have well-water iron concentrations that could be less than 0.3 mg/L. This result was confined to two small areas: a tiny cluster on the mid-western edge of the study area and a narrow strip just south-east of the preceding cluster ( Figure 2) . Therefore, the surface-analysis results indicate it is very unlikely that untreated well water from any site in our study area would contain iron concentrations less than the EPA secondary standard. Highest iron-concentrations in the study area were located in the north-western corner and west-central portions, with smaller patches distributed south and west (Figure 2 ). Not only was it found that there is a large number of household untreated water supplies containing high iron, as revealed by the statistical analyses, but also that these locations indicate that high iron concentrations are expected to occur throughout the study area. Furthermore, the resulting lack of spatial autocorrelation in conjunction with the resulting broad-scale patterns of high iron concentrations across the study area indicate that geocoding to centroids along streets would not be a factor affecting results. This suggests that Bithlo community households reliant on shallow wells will continue to be exposed to levels that exceed the EPA's SCML, especially those without treatment.
DISCUSSION
There do not appear to be any systematic geospatial assessments correlating iron concentrations in shallow alluvial drinking water supplies within a rural water community. This work is the result of collaboration between different universities, local governments, health institutions, and advocacy groups. We recognize the wealth of research that has been successfully conducted by such interorganizational partnerships (Varda et al. ) and suggest the results of this work buttress interorganizational collaboration as an effective means to assessing, analyzing, and evaluating human health-related drinking-water issues.
